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Abstract 
This study was conducted to make nutritional comparison between natural and artificially ripened 
banana. Unripe matured banana sample namely T1 (Musa paradisiaca) and T2 (Musa acuminata) 
were collected in June 2016 from banana orchard at west Khulshi and Jalalabad in Chittagong. 
These two varieties of banana were divided into two groups. One group was kept control which 
was naturally ripened and another group was subjected to calcium carbide treatment. Naturally 
ripened bananas contained dark spots but carbide treated banana had less dark spots on peel and 
more. Physical appearance of carbide treated banana was more acceptable than a naturally 
ripened banana. The ripening time of carbide treated Musa paradisiacal (4±0.31 days) and Musa 
acuminata (6±0.58 days) significantly increased than naturally ripened Musa paradisiacal (8±0.02 
days) and Musa acuminata (10±0.50 days).   Moisture content increased from 76.65±0.46 to 
77.63±0.36 and 66.27±0.15 to 67.96±0.19g/100g respectively in carbide treated banana Musa 
paradisiaca (T1) and Musa acuminata (T2). In carbide ripened sample T1 (Musa paradisiaca), 
significantly lower amount of ash, protein and fiber (0.76±0.01 g/100g, 1.77±0.06g/100g, 
0.76±0.08g/100g) were observed than naturally ripened (0.84±0.01g/100g, 1.97±0.05g/100g, 
1.05±0.23g/100g). In case of T2 (Musa acuminata), ash, carbohydrate, fiber and fat 
(0.74±0.02g/100g,   25.39±0.14g/100g, 3.78±0.07 g/100g, 0.36±0.01g/100g) were significantly 
decreased in sample which ripened by carbide than control (0.82±0.01 g/100g, 26.56±0.18 g/100g    
4.12±0.07 g/100g,0.41±0.01 g/100g). Vitamin C, sodium and potassium content were decreased 
but calcium content increased in artificially ripened banana. Artificial ripening agents enhance 
ripening time and provides a acceptable physical appearance but reduces nutritional composition 
of banana. 
Keywords: Musa paradisiaca, Musa acuminata, Banana, Ripening agent, Calcium carbide, 
Nutritional composition, Physical changes. 
   
Introduction 
  
The banana (Musa spp., Family Musaceae) is a central fruit of the tropical and subtropical 
regions of the world cultivated on about 8.8 million hectares (Mohapatra, et al., 2010). It is 
probably the oldest cultivated plant in the world (Kumar et al., 2012). Bananas are grown primarily 
for their ripe fruits, cooked vegetables and leaves in India and many other countries, including 
Bangladesh (Khanum, et al., 2000). It is also a nutritious fruit in the world and is grown in many 
tropical areas where it is used as staple food and food supplements (Assani, et al., 2001). 
In Bangladesh, bananas are a popular fruit and are grown almost year-round. Bangladesh is 
ranked among the top 20 banana producing countries in the world and Bangladesh produces almost 
1.00 million tons of bananas a year (Hossain, et al., 2014). According to BBS-2015 in Bangladesh, 
bananas are grown in 1681 hectares of land and now production is 777 thousand tons. It is 
available all year round. Its consumption rate is higher than any other fruit due to its low price, 
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taste and high nutrient content. Banana is extremely nutritious (Sharrock and Lustry, 2000) and is 
easier to digest than many other fruits, including apples (Mohapatra, et al., 2010). For direct 
consumption, banana ripening is necessary. 
The banana ripens naturally. Normally the fruits produce an ethylene hormone which 
induces the natural ripening process.  Ripening is a way of acting of bananas that makes them 
edible and delicious (Giovannoni, 2004). 
Most farmers use an artificial ripening agent because when it is allowed to ripe in the plant, 
the fruits are peeled, ripen unevenly and do not develop good color and aroma. Thus, commercial 
quality deteriorates. So artificial ripening process is accelerated by the use of different chemicals. 
With the progress of science and technology, various artificial methods of fruit ripening have been 
observed, mainly to meet consumer demand and other economic factors (Mursalat, et al., 2013). 
The need for artificial fruit ripening is often found when fruit vendors offer fruit to customers 
before the season. 
Ripening agents are substances that accelerate the ripening process and are used in different 
ways. These include ethylene, ethephon, ethylene glycol, ether and calcium carbide gas (Singal, et 
al., 2012). Among all the ripening agents, calcium carbide (CaC2) is the most common and widely 
used for ripening fruits in several countries (Kader, 2002). The use of CaC2 as an artificial ripening 
agent for fruit ripening has been known for many years (Per, et al., 2007). In Bangladesh, CaC2 is 
widely used to ripen fruits such as bananas, pineapples etc. (Hakim, 2008). 
  CaC2 has carcinogenic and neurological disorders. The repeated inhalation of CaC2 can 
cause chronic bronchitis (Krishna, et al., 2017). Different studies show that artificially ripening 
affect the nutritional composition of fruits. It reduces the health beneficiary components like 
protein, carbohydrate, minerals etc. It affects the mineral and antioxidant composition of banana. 
Mineral and antioxidant constituents are affected when fruits are picked up before maturation and 
complete ripeness. Because of the carcinogenic properties of CaC2 and its dangerous effects, it is 
banned in many countries (Rahman, 2008). 
In recent decades, the growing demand for food safety has inspired researchers on the risk 
associated with the use of food contaminated with pesticides, heavy metals or toxins (D'Mello, 
2003). The available scientific information often reports the health and safety issues of direct or 
indirect consumption of the ripening agents. However, artificial ripening agents like calcium 
carbide having effects on the nutrition value fruits and consequent effect on human health. This 
type of study was done in different countries but limited research has done in our country. 
Therefore, this study was conducted to determine the effects of artificial ripening agent namely 
calcium carbide on the proximate composition (moisture, carbohydrate, protein, fat, dietary fiber 
and ash content), Vitamin-C, and  mineral content (sodium, potassium, calcium)  of naturally and 
artificially ripened  Musa paradisiaca (T1) and Musa acuminata (T2) were chosen to carry out the 
experimental study. 
 
Materials and Methods 
 
The experiment was conducted in the laboratory of the Department of Applied Food 
Science and Nutrition Laboratory and Poultry Research and Training Center of Chittagong 
Veterinary and Animal Sciences University (CVASU), Chittagong. 
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Experimental design 
In this experiment, two varieties of banana Musa paradisiaca (T1) and Musa acuminata 
(T2) were divided into two groups. One group was kept control which was naturally ripened and 
another group was subjected to calcium carbide treatment. Five samples were taken from each 
group. They were replicated three times for each experiment. Finally comparative study was done. 
 
Collection of Sample 
Unripe matured Musa paradisiaca (T1) and Musa acuminata (T2) were collected in June, 
2016 from banana orchard at west Khulshi and Jalalabad in chittagong. A total of five fruits of 
each type of banana were collected. 
 
Preparation of samples 
The collected banana fruits were cleaned and taken to the laboratory for further treatments. 
Each of the plantain fruit was subjected to the following treatments: one of the plantain fruits was 
dipped into a 1% Calcium carbide solution for about 60 seconds and wiped dry; the fruit was then 
placed on a newspaper and covered with dry straw in a rapped paper cartoon and the control group 
only placed in straw without any treatment. 
 
Determination of proximate composition 
Proximate composition (Moisture, Protein, Fat, Ash, Fiber and Carbohydrate). Moisture, 
ash, protein, crude fat, crude fiber and carbohydrate of naturally ripened and artificially ripened 
banana samples were analysed in triplicate following standard procedures (AOAC, 2016). 
Moisture  content  by  drying  in  an  oven at  105oC for 24 hour, crude protein content (Nx6.25) by  
the  Kjeldahl  method  using  an  Auto Kjeldahl System, lipid by ether extraction and ash by 
incineration in a muffle furnace at 600oC for 6 hour, crude fiber by digesting sample. Carbohydrate 
content were calculated by difference method i.e., 
%Carbohydrate = 100-(%Moisture + %Protein + %Fat +%Ash+%Crude fiber) 
 
Determination of Vitamin C content 
Indophenol (DCPIP) Titration Method Ascorbic acid was determined according to the 
method of Mau et al. (2005). Banana sample was mixed with equal volume of 3% metaphosphoric 
acid solution and then filtered through whatman paper. Then, 5 ml of this filtrate was taken in each 
of six 50 ml conical flasks and 2 ml Metaphosporic acid acetic acid (HPO3-HOAC) was added and 
titrated with Indophenol dye and the amount of ascorbic acid was calculated by using following 
formula 
ܸ݅ݐܽ݉݅݊ ܥ ݅݊ ݉݃(%) =  Titre × Dye factor × Volume made upml of standard vitamin C × weight of sample × 100 
 
Determination of Mineral content 
Sodium and potassium was determined by using a flame photometer in which Sodium and 
potassium in solution was atomized into an oxy-hydrogen flame that exits a radiation of specific 
wavelength. This emitted radiation was measured on a flame photometer, under standard condition 
because this radiation is proportional to the concentration of sodium or potassium (Chekri, et al., 
2010). Calcium determination was done by Titrimetric method   (Rangana, 1991). 
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Statistical Analysis 
Data were entered into MS excel (Microsoft office excel-2007, USA). Data management 
and data analysis were done by STATA version-12.1 (STATA Corporation, College Station, 
Texas). p value of <0.05 was considered statistically significant. 
 
Results 
 
Effects on physical appearance 
 
Bananas those were artificially ripened with carbide were brighter and fewer black spots 
were noted (Figure 2 and 4). On the other hand naturally ripened banana (control) contained more 
black spots (Figure 1 and 3) and their acceptances in color were less compared to carbide treated 
bananas.  
   
 
 
Figure 01: Naturally ripened 
Musa paradisiaca (T1) 
 Figure 02: Carbide treated         
Musa paradisiaca (T1) 
 
        
 
 
Figure 03: Naturally ripened   
Musa acuminata (T2) 
 Figure 04: Carbide treated           
Musa acuminata (T2) 
 
 
Effects on ripening time 
The timing of ripening natural and artificially ripened Musa paradisiaca (T1) and Musa 
acuminate (T2) are represented in figure 5. The result of ripening time was strongly significant 
(P<0.05). 
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Figure 05: Effects of calcium carbide on ripening time (in days) of banana 
Effects on proximate composition 
Artificially ripened bananas contained more moisture but less ash, crude protein, 
carbohydrate, crude fiber and fat content compared to the natural ripened banana (table 1).      
Moisture content increased from 76.65±0.46 to 77.63±0.36 and 66.27±0.15 to 67.96±0.19 
respectively in carbide treated banana Musa paradisiaca (T1) and Musa acuminata (T2). Ash 
decreased from 0.84±0.01 to 0.76±0.01 and 0.82±0.01 to 0.74±0.02, Carbohydrate reduced from 
19.26±0.38 to 18.88±0.29 and 26.56±0.18 to 25.39±0.14, protein reduced from 1.97±0.05 to 1.77± 
0.06 and 1.79±0.13 to 1.75±0.15, fat reduced from 0.21±0.02 to 0.17±0.02 and 0.41±0.01 to 
0.36±0.01 and fiber also decreased from 1.05±0.23 to 0.76±0.08 and 4.12±0.07 to 
3.78±0.07g/100g respectively in carbide treated Musa paradisiaca (T1) and Musa acuminata (T2). 
Ash and crude fiber content were significantly decreased (P<0.05) in artificially ripened banana. 
 
Table 1: Comparison in proximate compositions of naturally ripened and artificially ripened 
banana  
 
Sample Variable 
(g/100g) 
Naturally 
ripened 
(Mean±SD) 
Artificially 
ripened 
(Mean±SD) 
P-
value 
Level of 
significance 
T1 Moisture  76.65± 0.46 77.63± 0.36 0.13 NS 
Ash  0.84±0.01 0.76±0.01 0.01 <0.05 
Crude Protein  1.97±0.05 1.77±0.06 0.04 <0.05 
Carbohydrate  19.26±0.38 18.88±0.29 0.25 NS 
Crude Fiber 1.05±0.23 0.76±0.08 0.04 <0.05 
Fat  0.21±0.02 0.17±0.02 0.37 NS 
T2 Moisture  66.27±0.15 67.96± 0.19 0.01 <0.05 
Ash 0.82±0.01 0.74±0.02 0.01 <0.05 
Crude Protein 1.79±0.13 1.75±0.15 0.07 NS 
Carbohydrate 26.56±0.18 25.39±0.14 0.01 <0.05 
Crude Fiber 4.12±0.07 3.78±0.07 0.01 <0.05 
Fat 0.41±0.01 0.36±0.01 0.02 <0.05 
SD = Standard Deviation; NS = Not Significant; P<0.05= Significant. 
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Vitamin-C content in artificially ripened Musa paradisiaca (T1) was apparently decreased 
though the difference was not significant (P>0.05) (figure 06). In this research vitamin C content 
were 6.50 and 6.25 mg/100g respectively in naturally ripened and artificially ripened Musa 
paradisiaca (T1) and in case of Musa acuminata (T2) it was found that 6.40mg/100g in naturally 
ripened and 5.88mg/100g in carbide treated bananas. 
 
 
 
Figure 06: Effects of carbide on the content of Vitamin-C (in mg/ 100 gm banana) 
 
Effects on mineral content 
 
Effects of carbide on mineral contents of banana were shown in table 2. Potassium 
decreased from 308.87±0.43 to 288.15±0.43 and 287.85±0.43 to 240.15±0.47 respectively in 
carbide treated Musa paradisiaca (T1) and Musa acuminata (T2) and in both case the results were 
significant. Significant reduction were also found in case of sodium content and the results were 
2.61±0.03 to 2.18±0.07 and 3.36± 0.02 to 1.38±0.16 respectively in carbide treated Musa 
paradisiaca (T1) and Musa acuminata (T2). Calcium content increased in carbide treated banana 
but the results of Musa acuminata (T2) was significant. 
Table 02: Comparison in mineral contents of naturally ripened and artificially ripened 
banana  
 
Sample Variable 
(mg/100g) 
Naturally 
ripened 
(Mean±SD) 
Artificially 
ripened 
(Mean±SD) 
P-
value 
Level of 
significance 
T1 K 308.87±0.43 288.15±0.43 0.00 <0.05 
Ca 8.10±0.28 8.24±0.27 0.73 NS 
Na 2.61±0.03 2.18±0.07 0.01 <0.05 
T2 K 287.85±0.43 240.15±0.47 0.00 <0.05 
Ca 5.69±0.08 9.01±0.01 0.00 <0.05 
Na 3.36±0.02 1.38±0.16 0.00 <0.05 
SD = Standard Deviation; NS = Not Significant; P<0.05= Significant. 
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Disscussion 
 
Though it is difficult to differentiate between naturally ripened and carbide treated banana 
but in this study, mild differences were found. Naturally ripened bananas contained dark spots but 
carbide treated banana had less dark spots on peel. Fresh physical appearance and color of carbide 
treated bananas were more perceptible than those of naturally ripened. Hakim et al. (2012) also 
reported the same that the use of artificial agents may give more acceptable color than naturally 
ripened fruits. Gunasekara et al. (2015) revealed that the best physico-chemical quality was 
observed for naturally ripened banana and the least quality was recorded for calcium carbide 
treated sample for almost all the quality parameters. The presence of carbide compounds that 
entered into the content of bananas and change the nutritional value (Lestari, 2013). 
Significant differences (P<0.05) were observed in ripening time of both kind of banana  
Musa paradisiaca (T1) and Musa acuminata (T2) those were ripened artificially with calcium 
carbide than those were ripened naturally. Ripening index of treated and untreated banana was 
shown in figure 5. For Musa paradisiaca (T1), control took 8 days while carbide treated banana 
ripened in 4 days. In case of Musa acuminata (T2) control ripened within 10 days where carbide 
treated took 6 days to ripe. Both carbide treated bananas (T1 and T2) ripening occurred 4-3 days 
earlier than naturally ripened banana. Similar results have been reported in “Embul” and 
“Cavendish” banana (Sarananda, 1990). 
In this study it was revealed that all the proximate compositions except moisture content 
were decreased in artificial ripening agent treated banana (both in T1 and T2) presented in table 1. 
The results were significant for the ash and crude fiber in case of Musa paradisiaca (T1) and in 
Musa acuminata (T2) the results were significant for moisture content, ash content, carbohydrate, 
crude fiber and fat except only crude protein though the values were decreased apparently. Izundu 
et al. (2016) reported that moisture content increased and crude fiber, crude protein and 
carbohydrate contents decreased in calcium carbide treated banana than control group (natural 
ripened) which is in agreement with the present findings. There are some disagreements in the 
findings of the present study with previous finding of Krishna et al. (2017) and Mahmood et al. 
(2012) revealed that moisture content were more in naturally ripened banana than the carbide 
ripened banana and also reported that carbohydrate content was found to be less in naturally 
ripened bananas when compared to artificially ripened bananas. But other results for ash, crude 
protein, crude fiber and fat have agreement with present study.  
Vitamin C was decreased significantly in Musa acuminata (T2) but in Musa paradisiaca 
(T1) though vitamin C decreased apparently but not significantly. Gunasekara et al. (2015) reported 
that the least vitamin C value 4.44 mg was detected from calcium carbide treated sample and the 
highest vitamin C amount of 8.03mg was observed in untreated sample. The result was similar to 
our findings. Other researcher Lestari (2013) and Izundu et al., (2016) also found that carbide 
treated banana contained less vitamin-C compared to untreated natural ripened banana.  
The analysis of data revealed that application of artificial ripening agent calcium carbide 
significantly lower the mineral contents in banana than naturally ripened (both T1 and T2). But 
calcium concentration increased in carbide treated banana. The results were significant (P<0.05) 
for both varieties of banana. Similar findings were recorded previously by several researchers 
(Izundu, et al., 2016;  Mahmood, et al., 2012; Krishna, et al., 2017). But one disagreement was 
found with Izundu et al. (2016) that he revealed sodium content increased in the carbide treated 
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banana. 
 
Conclusion 
 
Artificial ripening agent affects the nutritional quality of banana. Carbide treated banana 
looks more bright in color and its physical appearance was more acceptable than naturally ripened 
banana. From this study it was revealed that all essential nutrients – carbohydrate, protein, crude 
fiber, ash and fat contents were lower in carbide treated banana rather than naturally ripened 
banana. Among all minerals only calcium increased in both type of experimental banana because 
of carbide treatment but sodium and potassium content decreased. It can be concluded that, 
application of calcium carbide on fruit hasten the ripening quality but reduces the nutritive value. 
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